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Available online 29 November 2014AbstractA multi-lateral horizontal well is one of the main well types employed in the coal bed methane (CBM) development. In a traditional CBM
multi-lateral horizontal well, either a major hole or laterals will go crossing through coal beds to the largest extent, which may eventually result
in bed collapse, footage failing to meet the design requirement, and the major hole unable to be monitored, re-entered and flushed. Therefore,
this paper puts forward a design idea of a tree-like horizontal well composed of a major hole (for dredging passage), laterals (for controlling
drainage area) and sub-laterals (for enhancing production). The major hole is usually drilled on the stable roof or floor of a coal bed, laterals are
drilled from the major hole into coal beds, and several sub-laterals are drilled from laterals. The major hole, laterals and sub-laterals constitute a
tree-like drainage and recovery system, whose major hole remains stable for a long period and can be monitored and maintained. The technique
has been successfully applied in Well ZS 1P-5H in the Qinshui Basin, Shanxi. The well included one major hole, 13 laterals, and 26 sub-laterals,
with a total drilling footage of 12288 m, a total coal bed footage of 9512 m, and a total pure coal footage of 9408 m. Its major hole was fully
placed in the mudstone of the coal bed roof. This well records a successful case of incident-free single well drilling with a footage of more than
10,000 m and serves as a new well type for efficient CBM development in China.
© 2014 Sichuan Petroleum Administration. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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The application of multi-lateral horizontal wells to CBM
recovery began in the early 1900's; after the success by US
CDX Company, this technique was quickly applied in the
United States and other countries. This technique was intro-
duced into CBM recovery in China in 2004 and then Petro-
China, China CBM and other companies conducted some pilot
tests in the Qinshui Basin, Hancheng block, and Baode block,
etc.; some wells were successfully drilled in the southern
Qinshui Basin [1e3]. Conventional multi-lateral well drilling
may not be fully applicable in China because it aims at coal* Corresponding author.
E-mail address: bh_cui@petrochina.com.cn (Cui SQ).
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(http://creativecommons.org/licenses/by-nc-nd/3.0/).beds penetration to the utmost, which, due to complex evo-
lution and deformation of coal basins in China [4,5], may lead
to borehole caving and consequent termination of drilling as a
measure of passive collapse prevention. As a result, it would
fail to reach the designed footage in coal beds and the major
hole cannot be monitored, re-entered and flushed. So it is ur-
gent to develop new types of horizontal wells suitable for
CBM recovery in China.
2. Present technologies and challenges
Traditionally, a multi-lateral well for CBM recovery is
usually a cluster composed of a technological well (i.e. a
multi-lateral horizontal well) and a drainage well [6,7]. The
technological well would be kicked off before the coal bed is
reached, and then it would be connected with the cave of theElsevier B.V. This is an open access article under the CC BY-NC-ND license
Fig. 2. Schematic layout of a CBM multi-lateral horizontal well with two
primary lateral holes.
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designed extension is reached. Some laterals would be drilled
at both sides of the horizontal section (Fig. 1). Alternatively
two major holes with an included angle from 10 to 15 will
be drilled after the technological well is connected with the
cave of the drainage well and then three to four laterals would
be drilled from each major hole. The included angle between a
lateral and the major hole generally ranges from 20 to 45
(Fig. 2).
In such a multi-lateral horizontal well, the major hole,
laterals and the cave connected with the technological well
and the drainage well are all inside the coal bed, which may
lead to the following issues in CBM recovery in China.
(1) Coal bed instability [8,9] may give rise to such issues as
frequent drilling failures, long period of well construction
and high drilling cost. Especially the drilling footage from
the location of collapse to the termination of drilling will
become useless when the well drilling has to be ended
ahead of schedule due to major hole collapse; if the
collapse location is close to the drainage well, there will be
no passage for CBM recovery in the entire borehole. Ac-
cording to statistics, horizontal wells with drill pipe
sticking owing to coal bed collapse account for 39.3
percent of total horizontal wells completed by PetroChina
Huabei Oilfield Company in the Qinshui Basin and wells
with total footage in coal beds of less than 3500 m (the
designed footage should not be less than 4500 m in gen-
eral) account for 38 percent of the total.
(2) The roof or floor of a coal bed may be encountered when
the local dip of the bed changes. Therefore, the deflecting
angle should be decreased when a roof is reached and be
increased when a floor is reached, ensuring that coal beds
are drilled more efficiently, which would give birth to a
wavy wellbore track [10,11]. Those large flying ash par-
ticles slipping, rolling and jumping ahead along the
wellbore would reside and accumulate on the troughs of
the wavy track in the process of gas recovery from water
drainage and pressure drop. Finally the wellbore would beFig. 1. Schematic layout of a CBM multi-lateral horizontal well with a major
hole.blocked, resulting in filtering effect from residual water
plug and consequent production decline.
(3) Due to borehole collapse, the passage for CBM recovery
may be blocked, which cannot be monitored. It is also very
difficult to re-enter and maintain the pipe strings.
(4) Under the existing multi-lateral well configuration, the
drainage well will create caves in the coal bed [12e14],
which facilitates the interconnection between the hori-
zontal well and the drainage well, but makes it difficult to
run drainage and recovery equipment into the well if the
cave collapses or some borehole sections are misplaced in
the process of pump drainage.
(5) It is difficult to flush the well after well drilling or in the
process of water drainage and gas recovery due to small
leakage pressure and liability to collapse in coal beds.3. CBM tree-like horizontal well design3.1. Principle of well constructionA conventional CBM multi-lateral horizontal well is
designed to penetrate coal beds by its major hole and laterals
to the utmost, which may lead to borehole caving and
consequent termination of drilling as a measure of passive
collapse prevention. As a result, the designed footage in coal
beds cannot be reached and the major hole cannot be moni-
tored, re-entered and flushed. In order to change passive pre-
vention into active prevention and to ensure the stability of
major passages, we propose an idea of tree-like horizontal well
with a major hole, laterals and sub-laterals. In details, the
Fig. 4. Schematic layout of a CBM tree-like horizontal well structure.
207Yang Y et al. / Natural Gas Industry B 1 (2014) 205e209major hole, like the main stem of a tree, would act as the
dominant pathway for gas flow from each lateral and sub-
lateral and should be stable and clear; laterals, like the limbs
of a tree, would act as the channel for gas production flowing
from the sub-laterals and they extend to control the area of gas
desorption and drainage; sub-laterals, just like tree leaves, will
create caves for CBM desorption in coal beds. Under this
principle, the major hole of a multi-lateral horizontal well
should be constructed in a stable coal bed roof or floor, and the
laterals would be drilled from the major hole into coal beds
and then sidetracked with sub-laterals. The major hole, laterals
and sub-laterals constitute a tree-like drainage and recovery
system, whose major hole is stable for a long period and can
be monitored and maintained (Fig. 3).3.2. Design
3.2.1. Well structure
A CBM tree-like horizontal well is composed of a tech-
nological well (i.e. a multi-lateral horizontal well) and 2
drainage wells (Fig. 4). The far-end drainage well can also be
used as a monitor well. The technological well is connected
with two drainage wells at the stable coal bed roof or floor.
The major hole of the technological well should be drilled in
the updip direction in the stable coal bed roof or floor to form
a stable pathway for drainage and recovery. The horizontal
section includes a major hole, laterals and sub-laterals. This
tree-like system is mainly applied to a monoclinal coal bed
with a stable roof or floor.
3.2.2. Well design
(1) The vertical section of the technological well should be
drilled at the low part of the coal bed. The major hole
should be drilled in the stable roof or floor (Figs. 5 and 6)
in the updip direction with the angle of deviation larger
than 90. The well track should be close to, but not con-
tact, the coal bed if possible. The horizontal section isFig. 3. Schematic layout of a CBM tree-like multi-lateral horizontal well.generally not less than 800 m in length and should be
connected with two drainage wells in the roof or floor. The
major hole constructed in the coal bed roof or floor will
serve as a stable pathway for water drainage, ash discharge
and gas recovery; the track drilled in the updip direction
will facilitate water drainage; the major hole will be stable
because it is not in contact with the coal bed.
(2) Some (usually 6e12) laterals will be drilled smoothly
from both sides of the major hole into the coal bed in the
updip direction with the angle of deviation not less than
90. The extension of a lateral is usually not less than
200 m and should be as long as possible so that more sub-
laterals may be placed. The lateral spacing ranges in
100e200 m on the same sides and 50e100 m on the
opposite sides. The laterals extend to control the geometry
of the tree-like system and the area of gas desorption and
drainage.
(3) Several (usually 3e8) sub-laterals would be sidetracked
inside the coal bed from one side of each lateral to connect
coal bed cracks. The extension is usually limited between
50 and 400 m, but more sub-laterals are expected if
possible, so as to expand the area of CBM desorption
(Fig. 5).
(4) The caves in a drainage well can facilitate the intercon-
nection between the technological well and the drainage
well and also serve as a chamber for gas, liquid and solid
separation in the process of drainage and recovery. The
cave should be built in the stable roof or floor to maintain
its stability for a long period and should also be placed at
the low part of the horizontal well path to avail water
drainage in the major hole and laterals and gas, liquid and
solid separation. Moreover, borehole cavings can beFig. 5. Schematic layout of laterals and sub-laterals in a CBM tree-like hor-
izontal well (with the major hole in the roof).
Fig. 6. Schematic layout of laterals and sub-laterals in a CBM tree-like hor-
izontal well (with the major hole in the floor).
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borehole clear.3.2.3. System features
This tree-like system is composed of a major hole (for
dredging passage), laterals (for controlling drainage area) and
sub-laterals (for enhancing production), with its major hole
placed in a stable coal bed roof or floor and connected with the
drainage well. This technique provides a solution to the issues
in conventional CBM multi-lateral horizontal well drilling. It
has following features.
(1) The major hole serves as a stable pathway for water
drainage and ash discharge. The track drilled in the updip
direction will facilitate water and ash moving into the cave
in a drainage well.
(2) Laterals are gently sidetracked in the updip direction into
the coal bed. Long extension, instead of the area of coal
beds covered, is expected so that more sub-laterals may be
placed.
(3) Sub-laterals, as main sources of the system to produce gas,
will be drilled through dirt beds to connect coal bed
cracks. A number of sub-laterals, instead of extension, are
expected so as to expand the area of gas drainage.
(4) In this bionic system, the major hole and the two drainage
wells constitute an epsilon-shaped structure, which can be
used to monitor the state of the major hole.
(5) This tree-like well can be flushed after drilling.Fig. 7. 3D geometry o(6) If there is a blockage in the major hole during or after well
completion, the drill string can be run into the well again
for maintenance.
4. Field test
Well ZS 1P-5H is the first CBM tree-like horizontal well
drilled by PetroChina Huabei Oilfield Company for the pilot
test in the Qinshui Basin, Shanxi. It is composed of a tech-
nological well (Well ZS 1P-5H), a vertical drainage well (Well
ZS 1P-5V1) and a monitoring well (Well ZS 1P-5V1) (Fig. 7).
The major hole of Well ZS 1P-5H is set in the mudstone at the
coal bed roof with some distance apart from the top of the coal
bed (generally in 0.5e3 m). Caves in the drainage well and the
monitoring well, being 0.6 m in diameter and 6 m in height,
were drilled in the coal bed roof; the distance between cave
bottom and the coal bed is 1 m.
Drilling of the technological well started in October 2012
with a ∅444.5 mm bit and was completed at a depth of 57 m.
Surface casings of ∅406.4 mm were run to 56.7 m, followed
by cementing and mud circulation back to the surface.
The second spudding started in November 2012. The well
was kicked off from 385 m and was completed at 1067 m.
Intermediate casings were run to 1065.31 m, followed by
cementing and winter pause.
The third spudding started on February 27, 2013 with a
∅152.4 mm bit. When the well was drilled to 1144 m on
February 28, bit pressure dropped suddenly, drilling fluid
flowback suspended temporally, drilling fluid was lost by 2 m3
and fresh water flowed back to the wellhead from the vertical
drainage well. These evidences indicated that the technolog-
ical well was connected with the vertical drainage well. On
March 8, 2013, a drill assembly was run into the well for the
connection with the far-end monitoring well at a depth of
1646 m. Then, laterals were drilled from the major hole into
coal beds in the updip direction, and sub-laterals were side-
tracked from each lateral. After the drilling of 1 major hole, 13
laterals and 26 sub-laterals, the well was completed on May
20, 2013 with a total footage of 12,288 m, a footage in coal
beds of 9512 m and a pure coal footage of 9408 m; 98.91% of
coal beds were drilled. On May 22, 2013, 92 m3 fresh water
was injected into the far-end monitoring well for well cleanoutf Well ZS 1P-5H.
209Yang Y et al. / Natural Gas Industry B 1 (2014) 205e209and then flowed back to the technological well, indicating the
success of well cleanout.
Well ZS 1P-5H set a record of incident-free case with a
footage of over 10,000m in coal bed. Thewell is in a normal state
of water drainage and pressure drop since it was put into pro-
duction inAugust 2013. Themonitoring of bottomhole pressures
in the technological well, the drainage well and the monitoring
well indicates that the major hole is well connected at present.
5. Conclusions and suggestions
(1) This tree-like system is composed of a major hole (for
dredging passage), laterals (for controlling drainage area)
and sub-laterals (for enhancing production), with its major
hole placed in a stable coal bed roof or floor and connected
with the drainage well. This technique provides a solution
to the issues in conventional CBM multi-lateral horizontal
well drilling, including that the pathway of drainage and
recovery may be blocked by horizontal borehole cavings
or the major hole cannot be monitored, re-entered and
flushed.
(2) The conventional vertical well or directional well for CBM
production would be gradually replaced by the multi-
lateral horizontal well such as a CBM tree-like horizon-
tal well, which would reduce the area of a drilling site, so
as to mitigate the contradiction between mineral exploi-
tation and agricultural land occupation and to realize
harmonious development of resources and environment.
(3) The operation of liner running into the laterals and sub-
laterals should be tested in the field as soon as possible
to ensure they can work well for a long period.
(4) It takes a long period for well completion because Well ZS
1P-5H is the first pilot test well and some techniques were
adopted in the process of well drilling, which include
borehole stability tests in the major hole, connecting tests
for the far-end cave, and fixed-point hanging sidetracking.
The well type can be further improved to shorten the
drilling period and increase economic efficiency through a
series of technologies.
(5) The technique of CBM multi-lateral horizontal well dril-
ling has not been used widely in the exploitation of
abundant CBM resources in China and its extensive
application needs more national policy support.Fund project
National Science and Technology Major Project “Demon-
stration project of horizontal well-based CBM development in
the Qinshui Basin, Shanxi” (No. 2011ZX05061).
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